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(57) ABSTRACT 

The present invention relates to a device (10) for distance 
measurement, With at least one transmitting branch (14) With 
a transmission source (22, 24) for a measurement signal for 
emitting a modulated measuring beam (16, 26, 36) in the 
direction of a target object (20), and With a receive branch 
(18) for the measurement radiation (17, 44) returning from 
the target object (30), and With a control and evaluation unit 
(28, 58) for determining the distance of the device (10) to the 
target object (20) from the measurement radiation returning 
from the target object (20). 

It is proposed according to the invention that the device (10) 
include means that enable measurement of distances With 
predetermined measurement uncertainties. 

The present invention further relates to a method for dis 
tance measurement, With Which a measurement of distances 
With predetermined measurement uncertainties is possible. 
To ensure a distance measurement in a certain, predeter 
mined measurement time, the value on Which a distance 
measurement is based can be adjusted to the measurement 
uncertainty, and can be increased incrementally in particular. 
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METHOD AND DEVICE FOR DISTANCE 
MEASUREMENT 

[0001] The present invention is directed to a device for 
distance measurement according to the de?nition of the 
species in claim 1 and/or a method for distance measurement 
according to the de?nition of the species in claim 15. 

BACKGROUND INFORMATION 

[0002] Distance measurement devices and, in particular, 
optical distance measurement devices as such have been 
knoWn for some time. These devices emit a modulated 
measuring beam, e.g., a light or laser beam, Which is 
directed to a desired target object, the distance of Which to 
the device is to be determined. A portion of the returning 
measurement signal that is re?ected or scattered by the 
sighted target object is detected again by the device and used 
to determine the sought-after distance. 

[0003] A distinction is made hereby betWeen “phase mea 
surement methods” and pure “transit time methods” for 
determining the sought-after distance to the target object. 
With the transmit time method, a light pulse having the 
shortest possible pulse duration is emitted by the measure 
ment device, then its transit time to the target object and 
back to the measurement device is determined, for instance. 
Based on this, the distance of the measurement device to the 
target object can be calculated, With reference to the knoWn 
value for the speed of light. 

[0004] With the phase measurement method, in contrast, 
the variation of the phase of the measurement signal With the 
path that Was covered is used to determine the distance 
betWeen the measurement device and the target object. 
Based on the magnitude of the phase displacement of the 
returning light in comparison to the emitted light, the path 
covered by the light and, therefore, the distance of the 
measurement device to the target object can be determined. 

[0005] The ?eld of application of distance measurement 
devices of this type generally includes distances in the range 
of a feW millimeters up to many hundred meters. Depending 
on the paths to be measured, the environmental conditions 
and the re?ectance of the selected target object, different 
requirements on the performance of a measurement device 
of this type result. Measurement devices of this type are noW 
available commercially in compact designs; they enable 
simple, handheld operation for the user. 

[0006] Laser distance measurement devices are knoWn 
that have a de?ned measurement accuracy that is de?ned 
essentially by the measurement system on Which the mea 
surement device is based. This accuracy of the distance 
measurement device is guaranteed for a speci?ed measure 
ment range of the measurement device, by the manufacturer, 
for instance. 

[0007] A circuit arrangement and a method for optical 
distance measurement is knoWn from DE 198 11 550 A1, for 
example, With Which at least tWo different, closely adjacent 
measurement frequencies are derived from an oscillator. To 
permit measurement over the greatest possible measurement 
range and, simultaneously, to obtain the highest possible 
measurement accuracy in the distance measurement, three 
different frequencies in the range from approximately 1 
MHZ to approximately 300 MHZ are used in the method 
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according to DE 198 11 550 A1, and the sought-after path is 
measured With each of these frequencies. 

[0008] An optical method for measuring distances accord 
ing to the pulse transit time method is knoWn from EP 0 885 
3999 B1, With Which a rough measurement procedure and a 
?ne measurement procedure are carried out. Using a rough 
measurement procedure, a measurement time interval is 
determined that is greater than an estimated propagation 
time of the light signal to and from the desired target object. 
An appropriate measurement time range is ?xed in advance 
Within this measurement time interval. A series of sub 
measurements is then carried out during the ?ne measure 
ment procedure, Whereby, for each sub-measurement, a 
measurement light signal is sent to the target object and the 
received, returned light pulse that is re?ected by the target 
object is collected only Within the appropriate measurement 
time range that Was ?xed during the rough measurement 
procedure. The exact distance of the measurement device to 
the target object is then determined by calculating the mean 
of the individual measurements in the ?ne measurement 
procedure. 
[0009] The object of the present invention is to expand, 
using simple means, the distance range—that is, the distance 
range across Which a distance measurement can be carried 

out With the device-that is usable With a compact, and, in 
particular, handheld measurement device for distance mea 
surement. 

[0010] This object is attained via a device for distance 
measurement according to the invention With the features of 
claim 1 and via a method for distance measurement With the 
features of claim 14. 

[0011] Advantages of the Invention 

[0012] In contrast to devices of the related art, the device 
according to the invention and/or the method according to 
the invention have the advantage that they enable distances 
to be measured With different measurement accuracies. If a 
measurement accuracy is guaranteed and, therefore ?xed, 
over a certain range of measurement distances, then this is 
a limiting criterium—due, e.g., to the decrease in signal 
intensity With the distance—for the measurement distance 
still to be determined With the prede?ned measurement 
uncertainty. The measurement uncertainty of a measurement 
is essentially determined by the signal-to-noise (S/N) ratio 
of the measurement signal. For small re?ected signals, 
Which occur When measurement distances are great or When 
a measurement is taken against surfaces With loW re?ec 
tance, this results in a limitation of the measuring range 
Which can be measured With a speci?ed measurement uncer 
tainty. If the measurement uncertainties With Which a cor 
responding distance measurement is carried out are not 
?xed, but rather can be predetermined by the user or via an 
automatic procedure in the device, then the measurement 
range—Which is accessible With a measurement device 
and/or, correspondingly, a method of this type—over Which 
the distance measurements are possible can be markedly 
expanded, even if a higher measurement uncertainty must be 
tolerated. 

[0013] For a large number of areas of application of a, e.g., 
handheld, compact distance measurement device, the advan 
tages resulting from the expansion of the measurement range 
outWeigh the possible disadvantages of greater measurement 
uncertainty and/or reduced measurement accuracy. 
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[0014] Advantageous further developments of the device 
indicated in the independent claims and/or the claimed 
method are possible due to the measures listed in the 
dependent claims. 

[0015] The measurement inaccuracy of the measurement 
device may be optimally adapted to the particular measure 
ment task in an advantageous manner. In many cases of the 
typical use of a compact distance measurement device of 
this type, high accuracy With a resolution in the range of a 
feW millimeters is not required, for example. When mea 
suring larger distances, in particular, it is desirable to ?rst 
obtain a ?rst measured value and starting point for the 
sought-after distance, so that, in this case, a determination of 
the sought-after distance With an accuracy of a feW milli 
meters is not even required. Much too much measurement 
expenditure Would be required to carry out distance mea 
surements over a distance of a hundred or more meters With 

the same loW level of measurement uncertainty as it Would 
require to carry out a measurement over a feW meters. 

[0016] With the device for optical distance measurement 
according to the invention, it is advantageously possible to 
markedly expand the range of distances to be measured, in 
principle, With a device of this type. Instead of a ?xed, 
predetermined measurement uncertainty of distance mea 
surement and/or a corresponding resolution of the distance 
measured, a variable measurement uncertainty is made pos 
sible With the distance measurement carried out by the 
device. For example, the measurement distance of a distance 
measurement device of this type may be expanded markedly 
When the requirements on the measurement uncertainty of 
the value to be determined are reduced for the range of 
greater measurement distances, e.g., in the range of 50 to 
many hundred meters. LikeWise, the measurement time 
needed to determine a measurement distance may be mark 
edly reduced When the measurement uncertainty of the 
measurement system is raised accordingly for this purpose. 

[0017] In advantageous fashion, a number of characteristic 
curves, e.g., characteristic curves that specify the course of 
the measurement uncertainty over a measurement distance, 
can be stored in a storage medium of the measurement 
device for this purpose. 

[0018] Based on a target entered by the user, e.g., using a 
keypad on the device or via an automated system internal to 
the device, a characteristic curve can then be selected that 
speci?es—as a function of the measurement distance—a 
measurement uncertainty on Which the distance measure 
ment is to be based. 

[0019] For example, in an advantageous embodiment of 
the measurement device according to the invention and/or 
the method for distance measurement on Which it is based, 
a maximum measurement time for a measurement can then 

be predetermined, and the device sWitches automatically 
betWeen the available characteristic curves for the measure 
ment uncertainty to select that characteristic curve—With 
consideration for the predetermined measurement time— 
Which ensures the loWest possible measurement uncertainty. 

[0020] In this manner, it is ensured that the minimum 
measurement uncertainty of the device is utiliZed in the 
range of small measurement distances and the measurement 
uncertainty does not gradually become greater until the 
distances are greater, so that an expanded measurement 
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range is made available to the measurement device Without 
the measurement uncertainty becoming too great in the 
range of small measurement distances. 

[0021] In advantageous fashion, a value for the signal-to 
noise ratio (S/N) of the returning amplitude signal to be 
detected can be speci?ed to the control and evaluation unit 
of the device. This signal-to-noise ratio then essentially 
de?nes the accuracy With Which a distance measurement is 
to be carried out. 

[0022] In a likeWise advantageous manner, the distance 
measurement device according to the invention is con?g 
urable such that the measurement time, the measurement 
uncertainty of the measurement and the resolution of the 
measured result are selectable individually or as a Whole. A 
user of the measurement device according to the invention 
can enter a ?xed measurement time or a desired accuracy for 

the distance measurement using an operating ?eld, for 
example. The electronics in the measurement device then 
adjust, semi-automatically, the remaining measurement 
parameters via corresponding circuit means in such a man 
ner that the desired measurement uncertainty and/or the 
desired measurement time are made possible. 

[0023] The measurement device according to the inven 
tion can be set in this manner for a measurement uncertainty 
of 10-3 m, for example, for Working at close range up to 
approximately 10 m on highly re?ective surfaces, Whereby 
the measurement time Would amount to one second at most, 
for example, and the resolution of the measurement device 
should be 10'4 m. This setting may result in it being 
impossible to carry out a measurement on dark surfaces, 
Which is irrelevant for the user’s desired measurement 
situation anyWay. The measurement device may also be 
con?gured optimally in a likeWise advantageous manner for 
Working at far range, e.g., betWeen 50 m and 100 m, by 
reducing the accuracy of the measurements to 10'1 and 
settling the resolution of the determined measured value to 
10 m. 

[0024] In an exemplary embodiment of the measurement 
device according to the invention, a sensor is integrated that 
detects the light conditions in the environment of the mea 
surement site and, based on this, determines a measure of the 
background signal that exists for a measurement. This 
background signal is incorporated in the signal-to-noise ratio 
that exists for a measurement and therefore in?uences the 
possible measurement uncertainty of a distance measure 
ment. In an advantageous embodiment, this sensor function 
is performed by the detector element of the receive branch, 
so that the measurement signal and the background signal 
are both determined With only one detector. 

[0025] An automatic sWitching over of the measurement 
uncertainty of the device based on the relative intensity of 
the ambient light can be predetermined in the method 
according to the invention and integrated accordingly in a 
measurement device that operates according to this method. 

[0026] For example, the possible distance measurement 
range for a maximum predetermined measurement time can 
be expanded by reducing the requirements on the signal-to 
noise ratio across the distance. When Working outdoors in 
sunlight, i.e., With a strong background and/or noise signal, 
in particular, this results in a marked increase in the usability 
of the measurement device according to the invention. 
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[0027] Advantageously, only one measurement parameter 
(measurement time, resolution of the distance, measurement 
uncertainty, . . . ) can be ?xed in the evaluation unit of the 

measurement device according to the invention, for 
example, so that the other measurement parameters are 
adjusted semi-automatically by the control electronics of the 
measurement device such that, given a ?xed setting, e.g., the 
measurement time, the sought-after distance is determined 
With the best-possible accuracy, i.e., With minimal measure 
ment uncertainty. This results in a depiction of the measured 
value that is adjusted for the resolution used, hoWever. 

[0028] The device for optical distance measurement 
according to the invention also makes it possible for the 
device to con?gure itself, independently and fully automati 
cally, such that all parameters are adjusted such that an 
optimum setting of the measurement parameters is carried 
out depending on the distance and environmental conditions. 

[0029] In an exemplary embodiment according to the 
invention, the value of the signal-to-noise ratio Which deter 
mines the measurement accuracy is determined by a ?rst 
“rough” measurement of the distance to the target object by 
the device itself, the rough measurement being carried out 
before the actual distance measurement. The subsequent, 
second measurement for determining the distance betWeen 
the measurement device and the target object is then carried 
out With an accuracy and, therefore, measurement time 
requirement, that is adjusted to the rough distance range. 

[0030] In an advantageous exemplary embodiment of the 
device according to the invention, various measurement 
uncertainties are set up for this purpose, Which are allocated 
to individual distance intervals. Based on the approximate 
distance determined in the rough measurement, a measure 
ment uncertainty for the actual distance measurement cor 
responding to this distance is then selected by the device. 

[0031] It is also possible With the method according to the 
invention that the user himself speci?es the resolution of the 
distance before a measurement by entering “mm”, “cm”, or 
“m” via an operating ?eld, for example, and the measure 
ment device selects an adjusted measurement uncertainty— 
With consideration for the measurement situation, that is, 
With consideration for the level of the background signal and 
the desired measurement time, for example—that is, it 
determines the signal-to-noise ratio up to Which the mea 
surement should be carried out. While the measurement is 
underWay, the particular current signal-to-noise ratio is then 
determined by a control and evaluation unit of the measure 
ment device, and a decision is made as to Whether the 
measurement must be carried out for a longer period of time. 

[0032] It is particularly advantageous When a plurality of 
characteristic curves is stored in the measurement device, 
Which have a different course of measurement uncertainty 
With the measurement distance, so that, by selecting a 
characteristic curve of this nature, a measurement uncer 
tainty that is still acceptable for a selected measurement 
range is selected. 

[0033] This can also take place, for example, by a user 
roughly specifying an approximate distance range, and the 
device then selecting a corresponding, optimiZed character 
istic curve for the measurement uncertainty. 

[0034] In advantageous fashion, in the measurement 
device according to the invention, the setting for the accu 
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racy of the length measurement on Which a distance mea 
surement is based is shoWn to the user via an optical display. 
For example, via a display of “millimeters”, “centimeters”, 
or “meters”, the user can be informed immediately as to 
Which magnitude the measured result appearing in the 
display for his length measurement can be speci?ed in and 
be accurate. 

[0035] In a further exemplary embodiment of the device 
according to the invention, the display of the measured 
results of a distance measurement can be depicted, for 
example, With the number of decimal places corresponding 
to the accuracy of the distance measurement, in a display 
device of the measurement device. The measurement accu 
racy, Which decreases as the measurement distance 
increases, can be visualiZed for the user of the measurement 
device in a simple but unequivocal manner by reducing the 
display resolution, for example. 

[0036] The method, according to the invention, for dis 
tance measurement With phase displacement of amplitude 
modulated light makes it possible in a simple and advanta 
geous fashion to markedly expand the length range for the 
distance measurement that is possible With a measurement 
device of this nature. As an alternative, the method accord 
ing to the invention makes it possible to reduce the mea 
surement time for a measurement given a typical, predeter 
mined distance from a target object, for example. The 
measurement range that is accessible With the method for 
distance measurement according to the invention is no 
longer limited by a measurement accuracy that is speci?ed 
once and applies across the entire measurement range and 
for all applications of the device; instead, it can be markedly 
expanded in simple fashion by adapting the measurement 
accuracy to the measurement task. The method according to 
the invention permits the area of application of a measure 
ment device of this type to be expanded markedly. 

[0037] Further advantages of the device according to the 
invention and/or the method according to the invention 
result from the draWings and the associated description. 

DRAWING 

[0038] An exemplary embodiment of the device according 
to the invention and the method for optical distance mea 
surement according to the invention are depicted in the 
draWing. The exemplary embodiment Will be described in 
greater detail in the subsequent description. The ?gures in 
the draWing, their description, and the claims directed to the 
present invention contain numerous features in combination. 
One skilled in the art Will also consider these features and/or 
the claims on Which they are based them individually and 
combine them to form further reasonable combinations and 
claims. 

[0039] FIG. 1 shoWs a device according to the general 
class for optical distance measurement in a schematic total 
overvieW, 
[0040] FIG. 2 is a How chart With the essential method 
steps on Which the method according to the invention is 
based, 
[0041] FIG. 3 shoWs the schematic course of the mea 
surement uncertainty of a measurement device across the 
measurement distance, and a series of characteristic 
curves—Which can be entered in advance in the device 
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according to the invention—of the measurement uncertainty 
as a function of the measurement distance as examples, and 

[0042] FIG. 4 shoWs the schematic course of the mea 
surement time across the measurement distance in the case 
of an essentially constant measurement uncertainty and in 
the case of a measurement in accordance With the predeter 
mined characteristic curves according to FIG. 3. 

[0043] FIG. 1 shoWs, in schematic fashion, a distance 
measurement device 10 according to the general class With 
the most important components for describing its basic 
con?guration. Device 10 has a housing 12 in Which a 
transmission branch 14 for generating a measurement signal 
16 and a receive branch 18 for detecting the measurement 
signal 17 returning from a target object 20 are located. 
Receive branch 18 forms a receive channel for returning 
measurement signal 17. 

[0044] Transmit branch 14 contains a light source 22, 
Which is realiZed in the exemplary embodiment in FIG. 1 by 
a semiconductor laser diode 24. The use of other light 
sources and non-optical transmitters in the device according 
to the invention is also possible. 

[0045] Laser diode 24 in the exemplary embodiment 
according to FIG. 1 emits a laser beam in the form of a light 
bundle 26 that is visible to the human eye. Laser diode 24 
is operated via a control device 28 Which, using correspond 
ing electronics, generates a modulation of the electrical input 
signal 30 to diode 24. Control device 28 receives the 
necessary frequency signals to modulate a control and 
evaluation unit 58 of the measurement device. In other 
exemplary embodiments, control device 28 can also be an 
integral component of the control and evaluation unit 58. 

[0046] Control and evaluation unit 58 includes a circuit 
arrangement 59 Which also includes, among other things, at 
least one quartZ oscillator for providing the necessary fre 
quency signals. The measurement signal is modulated in 
knoWn fashion With these signals of Which typically a 
plurality having different frequencies is used during a dis 
tance measurement. The principle con?guration of a circuit 
arrangement of this type is described in publication DE 198 
11 550 A1, for example, and Will therefore not be explicitly 
repeated here. 

[0047] Intensity-modulated light bundle 26 exiting from 
semiconductor diode 24 passes through ?rst optics 32, 
Which results in an improvement of the beam pro?le of the 
light bundle. Optics of this type can also be an integral part 
of the laser diode itself. Laser beam bundle 26 then passes 
through a collimation lens 34, Which generates a nearly 
parallel light beam bundle 36 that is emitted in the direction 
of target object 20 to be measured. For this purpose, a device 
38 for generating a reference distance 40 internal to the 
device is located in transmit branch 14 of the device accord 
ing to FIG. 1, the reference distance serving as internal 
calibration of the measurement device. 

[0048] Measurement signal 16 is coupled out of housing 
12 of device 10 through an optical WindoW 42. To perform 
a measurement, device 10 is directed at a target object 20, 
Whose distance from the measurement device is to be 
determined. Signal 17, Which is re?ected or scattered on the 
desired target object 20, forms a returning measurement 
beam bundle 44, a certain portion of Which enters device 10 
again. Returning measurement beam 17 is coupled into the 
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measurement device through an entry WindoW 46 in end face 
48 of device 10 and directed to a receiving lens 50. Receiv 
ing lens 50 bundles the returning measurement beam bundle 
44 onto active surface 52 of a receive device 54. 

[0049] This receive device 54 can be a junction-type 
detector or a photodiode, for example, and a direct-mixing 
avalanche photodiode of a knoWn type, for example. Active 
surface 52 of receive device 54 is a corresponding detection 
element. Receive device 54 converts incoming light signal 
17 into an electrical signal, Which is then forWarded via 
corresponding connecting means 56 to a control and evalu 
ation unit 58 of device 10. Control and evaluation unit 58 
determines—based on returning optical signal 17 and, in 
particular, the phase displacement impressed on the return 
ing signal in comparison With the signal sent originally—the 
sought-after distance betWeen device 10 and target object 
20, and displays it in an optical display device 60 of the 
measurement device, for example. 

[0050] In the case of a laser distance measurement using 
phase-displacement measurement of amplitude-modulated 
light, the phase displacement betWeen the light returning 
from target object 20 and received in detector 54 and the 
light emitted from measurement device 10 in the direction of 
target object 20 is given by the equation: 

50: 
C 

[0051] Wherein 4) represents the phase displacement 
impressed on the light signal resulting from a distance d 
betWeen measurement device 10 and target object 20, f 
represents the modulation frequency of the amplitude 
modulated measurement signal, and c is the phase velocity 
(speed of light) of the measurement signal that is utiliZed. 

[0052] The signal-to-noise ratio of the measurement signal 
that is used determines the accuracy in the determination of 
the distance d of measurement device 10 to target object 10 
in the laser distance measurement using phase displacement 
measurement. 

[0053] The measurement uncertainty M) in a phase mea 
surement is given by the equation: 

[0054] The signal-to-noise ratio S/N, Which determines 
the measurement uncertainty, may be determined, for 
example, based on an amplitude measurement of the modu 
lation signal and the direct component of ambient light that 
results in a corresponding noise in the measurement signal. 

[0055] Since the signal-to-noise ratio can basically be 
measured, it is also possible according to the invention to 
in?uence a distance measurement such that a predetermined 
target value for the signal-to-noise ratio S/N and, therefore, 
for the measurement uncertainty A(p, is achieved in the 
phase measurement, e.g., by adjusting the measurement 
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time. With the method according to the invention, the target 
signal-to-noise ratio to be achieved in a measurement can be 
set by the user indirectly in the form of a preselected 
measurement time, e.g., via an operating ?eld 62 of the 
control and evaluation unit 58 of measurement device 10, or 
automatically or semi-automatically in optimiZed fashion by 
the measurement device itself. 

[0056] Using a short distance measurement carried out 
before the actual measurement procedure, for example, an 
erroneous rough estimate of the sought-after distance can 
therefore be carried out, folloWed by a more exact measure 
ment, Which is carried out, hoWever, With a requirement on 
the measurement uncertainty and, therefore, the signal-to 
noise ratio S/N that is adjusted to the rough distance range. 

[0057] A subset can also be selected from a series of 
distance measurements to adjust the measurement uncer 
tainty, of the determined measurement distance, for 
example, based on these results. Since an increasing number 
of individual measurements, e.g., With different frequencies, 
is carried out to determine a distance, individual measure 
ments of this type can be utiliZed to carry out information for 
adjusting measurement uncertainty. This means that the 
measurement uncertainty can also be adjusted and optimiZed 
during the determination of a distance of the measurement 
task. 

[0058] As an alternative, the measurement range acces 
sible by the measurement device can be expanded Within a 
predetermined maximum measurement time by reducing the 
signal-to-noise ratio requirements across the distance. Espe 
cially in the outdoors With strong sunlight, Which results in 
a raised noise level, this can result in a marked increase of 
the measurement distance that is possible With measurement 
device 10 according to the invention and, therefore, in an 
increase in the usability of the measurement device accord 
ing to the invention. The accuracy of the distance measure 
ment, Which decreases as the distance increases, can be 
visualiZed and communicated to the user by reducing the 
resolution of the display of the measured results in display 
60 of measurement device 10. 

[0059] FIG. 2 shoWs an exemplary embodiment of the 
essential steps of the method according to the invention 
using a How chart of individual method steps. 

[0060] At the beginning of the method, a measurement 
time for the upcoming distance measurement is de?ned in 
method step S1. It is translated inside the device into a target 
for the number n of sampling periods of the modulated 
measurement signal that are used by the evaluation unit to 
evaluate the measurement signal. The desired measurement 
time can be communicated to the measurement device 
and/or the evaluation unit of the measurement device manu 
ally by the user, e.g., via operating ?eld 62, or automatically 
by a corresponding routine of the control and evaluation unit 
58 of device 10. 

[0061] After the measurement time is speci?ed, a mea 
surement is started, e.g., by actuating a corresponding 
“Start” button in operating ?eld 62 of measurement device 
10, a measurement signal 16 is emitted from the device in 
the direction of sighted target object 20, and measurement 
signal 17 re?ected on target object 20 is detected by the 
measurement device. For knoWn reasons and reasons cited 
in publication DE 198 11 550 A1, for example, it can be 
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advantageous to repeat this measurement procedure With 
measurement signals having a different frequency. To sim 
plify the further description of the method according to the 
invention, only the method for one frequency Will be 
described beloW. 

[0062] In method step S2, the amplitude-modulated mea 
surement signal is detected and processed further in accor 
dance With the previously selected measurement time over a 
period of n periods. In method step S3, the amplitude of the 
detected measurement signal is determined from the mea 
surement signal arriving at receive detector 54 and, in a 
parallel or serial method step S4, the noise portion contained 
in the measurement signal is determined. 

[0063] In method step S5 according to FIG. 2, the signal 
obtained from the amplitude determination is converted to a 
ratio With the noise portion determined in method step S4, 
thereby calculating the signal-to-noise ratio S/N on Which 
the completed measurement is based. 

[0064] In a method step S6, Which is parallel to the 
measurement procedure, a desired, theoretical accuracy tar 
get is transmitted to the measurement device in the form of 
measurement uncertainty. 

[0065] This can take place via manual input by the user 
before the actual measurement, or via an automatic or 
semi-automatic assignment by the measurement device 
itself. For example, the measurement device can also access 
a memory internal to the device, in Which values for the 
measurement uncertainty are stored. These values can be 
stored as a function of distance ranges, for example, so that 
a smaller measurement uncertainty is used for a measure 
ment in the range of 1 m to 3 m than in the range of 5 m to 
20 m or in the range of 20 m to 100 m, for example. Various 
characteristic curves can also be stored in the measurement 
device itself, the characteristic curves re?ecting the different 
functional interrelationships betWeen the measurement 
uncertainty on Which the measurement is based and the 
distance to be measured. 

[0066] Based on the accuracy target in method step S6, 
i.e., based on the selected measurement uncertainty, the 
associated, necessary signal-to-noise ratio that must be 
adhered to to attain the measurement uncertainty according 
to method step S6 is calculated in method step S7. 

[0067] By using appropriate sensors, the measurement 
uncertainty to be applied can be adapted to the environmen 
tal parameters. For example, an adjusted measurement 
uncertainty can be selected With consideration for the level 
of the background signal and the desired measurement time, 
i.e., a signal-to-noise ratio can be speci?ed, up to Which the 
measurement should be carried out. The environmental 
parameters do not necessarily have to be purely optical 
environmental parameters. Using appropriate sensors, for 
example, any other type of radiation, e.g., cell phone inter 
ference, radar signals or “electro smog”, can be detected 
Which could in?uence the signal-to-noise ratio. Using the 
control and evaluation unit of the device, the measurement 
uncertainty can then be set in a manner yet to be described. 

[0068] At the same time, in method step S8, the resolution 
of display 60 of measurement device 10 is adjusted by the 
central control and evaluation unit 58 of measurement 
device 10 according to the invention to the accuracy target 
according to method step S6. For example, by reducing the 
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number of decimal places in the depiction of the measure 
ment results, the user can be informed as to Which measure 
ment accuracy or measurement uncertainty the completed 
measurement Was based on. 

[0069] It is also possible, for example, using correspond 
ing operating buttons in operating ?eld 62 of measurement 
device 10, to indicate the number of decimal places in the 
display, e.g, before a measurement, and thereby notify 
control and evaluation unit 58 directly as to Which measure 
ment uncertainty the subsequent distance measurement is to 
be carried out. The device can then also call up a stored 
characteristic curve, for eXample. It is also possible to 
specify to the device the distance range in Which the 
subsequent distance measurement Will be located, so that a 
corresponding measurement accuracy can be selected semi 
automatically by the device. 
[0070] A comparison is carried out in method step S9 
betWeen the desired “S/N target” signal-to-noise ratio 
according to method step S7 and the “S/N actual” signal 
to-noise ratio on Which the actual measurement is based. If 
the measured actual value of the signal-to-noise ratio does 
not correspond to the targets of the actual value according to 
method step S6, the measurement time required to reach the 
target value is calculated and, out of this, the required 
number of measurement periods n for the evaluation unit is 
determined. In this case, the method branches off back to 
method step S2, so that a reneWed measurement With the 
noW-adjusted measurement time is started and/or the on 
going measurement is carried out or continued With the 
noW-adjusted number of sampling periods. 
[0071] If it should arise that the measurement time 
required for the corresponding distance measurement With 
the required measurement uncertainty is too great, or if a 
predetermined measurement time Were eXceeded, it is pro 
vided that the measurement device automatically rounds the 
measurement uncertainty up. In this case, the method 
branches back to method step S6, in Which the measurement 
uncertainty is speci?ed. The decision in method step S6 can 
then be made by selecting another characteristic curve of the 
measurement uncertainty as a function of the distance, or by 
specifying a ?xed value for the measurement uncertainty. To 
this end, the measurement device according to the invention 
can also “scroll through” the individual characteristic curves 
of the measurement uncertainty in order to ?nd the mea 
surement uncertainty that just alloWs a measurement to be 
carried out in the desired measurement time. 

[0072] If the measured “S/N actual” signal-to-noise ratio 
corresponds to the desired “S/N target” signal-to-noise ratio, 
the distance betWeen the measured device and the target 
object is determined in method step S10 in knoWn fashion 
based on the phase displacement determined over n periods 
of the modulated measurement signal. The method disclosed 
in publication DE 198 11 550 A1 can be used for distance 
measurement, for eXample. 
[0073] In ?nal method step S11, the distance betWeen 
measurement device 10 and target object 20 determined by 
evaluation unit 58 is depicted in display 60 of measurement 
device 10, Whereby to visualiZe the measurement uncer 
tainty on Which the measurement is based, the accuracy of 
the depicted distance value corresponds to the resolution of 
the corresponding predetermined measurement uncertainty. 
[0074] The method according to the invention may be 
stored as a corresponding routine in the form of a control 
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program, e.g., in control and evaluation unit 58 of a distance 
measurement device 10, so that an automatic or semi 
automatic variation of the measurement uncertainty can also 
be carried out by the device itself, as a function of the 
measurement parameters. To this end, the corresponding 
characteristic curves can be stored in a storage medium and 
read out by the control and evaluation unit. 

[0075] FIG. 3 shoWs, in a schematic manner, various 
eXamples of curves for the measurement uncertainty 6 on 
Which a distance measurement is to be based, as a function 
of a measurement distance D. Curve a represents the mea 
surement uncertainty that results alone based on the system 
atic error of the quartZ oscillator that de?nes the measure 
ment frequencies of the device. As indicated in equation (1), 
?uctuations in the frequency of the measurement signal also 
result in corresponding phase displacements in the signal 
that appear in errors for the distance to be determined 
therefrom and therefore contribute to measurement uncer 
tainty. This measurement uncertainty re?ected in curve a is 
therefore a measurement uncertainty that is internal to the 
device and can be optimiZed for the measurement device 
only by selecting qualitatively high-quality electronic com 
ponents. 

[0076] Curve b shoWs the measurement uncertainty that 
results When an additional statistical error is present due to 
a ?Xed signal-to-noise ratio S/N. Curve b therefore approxi 
mately re?ects the minimum measurement uncertainty 
attainable With a measurement device as a function of 
measurement distance D. 

[0077] Curves c, d, e and f shoW possible characteristic 
curves for the measurement uncertainty that can be stored in 
the device according to the invention. The characteristic 
curves can also have a non-linear function course and are not 

limited to the functional dependencies depicted in FIG. 3. 
When performing a distance measurement, measurement 
device can thereby successively “scroll through” these char 
acteristic curves in order to not eXceed a measurement time 
T0 that may be predetermined. An optimiZation routine in the 
control and evaluation unit of the measurement device can 
then select that characteristic curve for a certain measure 
ment distance that represents the optimal compromise 
betWeen measurement time and measurement accuracy, With 
consideration for the measurement time required for this 
distance measurement. 

[0078] FIG. 4 shoWs, also in a simpli?ed, schematic 
representation, the measurement times B through E—cor 
responding to characteristic curves b through e in FIG. 
3—as a function of the measured distance D. It is clear to see 
that the distance range DO yet to be measured over a certain 
measurement time T0 can be markedly eXpanded by the 
selection, that is, by the free speci?cation of a measurement 
uncertainty to the device by the device itself. The measure 
ment uncertainty Which can be speci?ed to the device can 
also be located markedly above the measurement uncer 
tainty that is speci?ed as being conditional upon the device, 
as shoWn in FIG. 3, for eXample. 

[0079] The method according to the invention and the 
corresponding device according to the invention therefore 
make it possible to eXpand the distance range usable With a 
measurement device for distance measurement, that is, that 
distance range across Which a distance measurement can be 

carried out With the device, using simple means. 
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[0080] The method according to the invention and the 
device according to the invention for carrying out this 
method are not limited to the exemplary embodiments 
depicted in the description. 

[0081] In particular, the method according to the invention 
and the corresponding measurement device for carrying out 
the method are not limited to the use of a phase measurement 
principle. Distance measurement devices that function 
according to the transit time principle, for example, can also 
make use of the method according to the invention. 

[0082] Furthermore, the method according to the inven 
tion is not limited to use in optical distance measurement 
devices. The method according to the invention can also be 
used in ultrasound devices for distance measurement. 

What is claimed is: 
1. A device for distance measurement, With at least one 

transmitting branch (14) With at least one transmitter (22, 
24) for emitting a modulated measuring beam (16, 26, 36) in 
the direction of a target object (20), and With at least one 
receive branch (18) for receiving the measurement radiation 
(17, 44) returning from the target object (20), and With a 
control and evaluation unit (28, 58) for determining the 
distance of the device to the target object (20), Wherein the 
device has means that enable a measurement of distances 
With predetermined measurement uncertainties. 

2. The device as recited in claim 1, Wherein the means are 
con?gured such that the measurement uncertainty on Which 
a distance measurement is based is adjustable as a function 
of the measurement distance to the target object (20) and/or 
of the measurement time of the distance measurement. 

3. The device as recited in claim 1, Wherein the device 
includes a storage medium (64) in Which the measurement 
uncertainty on Which a distance measurement is based is 
stored in the form of data, in particular in the form of at least 
one characteristic curve. 

4. The device as recited in claim 3, Wherein the storage 
medium includes a plurality of characteristic curves for the 
measurement uncertainty, in particular characteristic curves 
(a, b, c, d, e, f) of the measurement uncertainty as a function 
of the measurement distance, Which said characteristic 
curves can be called up for a distance measurement using 
operating elements (62) on the measurement device. 

5. The device as recited in claim 3, Wherein the storage 
medium (62) includes a plurality of characteristic curves for 
the measurement uncertainty, in particular characteristic 
curves (a, b, c, d, e, f) of the measurement uncertainty as a 
function of the measurement distance, Which said charac 
teristic curves can be called up selectively or successively 
for a distance measurement by the control and evaluation 
unit (28, 58) of the measurement device. 

6. The device as recited in claim 1, Wherein the device 
includes means that permit the measurement uncertainty on 
Which a distance measurement is based to be set by provid 
ing a default signal-to-noise ratio, in particular a signal-to 
noise ratio of the measurement signal, to the control and 
evaluation unit (28, 58) of the device. 

7. The device as recited in claim 6, Wherein the device 
includes means that alloW the value of the signal-to-noise 
ratio to be attained in a measurement procedure to be 
speci?ed to the device before a measurement procedure. 

8. The device as recited in claim 6, Wherein the device 
includes means that alloW at least one measurement param 
eter from a group of parameters that includes at least the 
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measurement time of the device for a distance measurement 
and the measurement uncertainty of the device for a distance 
measurement to be quantitatively preselected by the user of 
the device so that the other measurement parameters of this 
group can be adjusted semi-automatically using the elec 
tronics of the measurement device such that a predeter 
minable value of a signal-to-noise ratio of a measurement 
variable, in particular of the signal-to-noise ratio of the 
measurement signal, is achieved in a measurement proce 
dure. 

9. The device as recited in claim 6, Wherein the device 
includes means that alloW a set of parameters that contains 
at least the measurement time for a distance measurement 
using the device and the measurement uncertainty of the 
device for a distance measurement to be adjusted fully 
automatically for the particular measurement distance and/ 
or the environmental conditions, in particular for the re?ec 
tance of a target object and/or the intensity of the ambient 
light such that a predetermined value of a signal-to-noise 
ratio, in particular the signal-to-noise ratio of the measure 
ment signal, is achieved in a distance measurement. 

10. The device as recited in claim 6, Wherein the device 
includes means that enable the predetermined limiting value 
of the signal-to-noise ratio for a distance measurement to be 
determined by a ?rst measurement of the distance—carried 
out before the actual distance measurement—With increased 
measurement uncertainty. 

11. The device as recited in claim 6, Wherein the device 
includes means that make it possible for the predetermined 
limiting value of the signal-to-noise ratio for a distance 
measurement to be obtained based on partial results of a 
series of distance measurements. 

12. The device as recited in claim 1, Wherein the device 
includes an output unit, in particular a display unit (60), that 
makes it possible to reproduce the measurement uncertainty 
used in a distance measurement and/or to reproduce the 
distance resolution of the device. 

13. The device as recited in claim 1, Wherein the device 
includes an output unit, in particular a display unit (60), that 
makes the measured result of a distance measurement 
depictable With the number of decimal places of the mea 
sured value of the distance corresponding to the measure 
ment uncertainty. 

14. The device as recited in claim 1, Wherein the trans 
mitter of the device includes at least one light source (22), 
in particular at least one laser (24). 

15. A method for distance measurement, With Which at 
least one transmitting branch (14) of a measurement device 
(10) emits a modulated measuring beam (16, 26, 36) in the 
direction of a target object (20), the measuring beam (17, 44) 
re?ected by the target object (20) and returning is detected 
in the measurement device (10), and the distance of the 
measurement device (10) to the target object (20) is capable 
of being determined based on the re?ected measurement 
signal, 

Wherein the particular value of the measurement uncer 
tainty on Which a measurement of the distance to a 
target object is to be based, is capable of being speci?ed 
to the measurement device. 

16. The method for distance measurement as recited in 
claim 15, Wherein the value for the measurement uncertainty 
on Which a distance measurement is to be based is capable 
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of being set as a function of the measurement distance to the 
target object (20) and/or of the measurement time of the 
distance measurement. 

17. The method for distance measurement as recited in 
claim 15, Wherein the value of the measurement uncertainty 
on Which a distance measurement is to be based takes place 
by providing a target value for a signal-to-noise ratio, in 
particular the signal-to-noise ratio of the measured signal to 
be attained in a measurement procedure. 

18. The method for distance measurement as recited in 
claim 17, Wherein the predetermined limiting value of the 
signal-to-noise ratio for a distance measurement is deter 
mined via a ?rst measurement of the distance—carried out 
before the actual distance measurement—With increased 
measurement uncertainty. 

19. The method for distance measurement as recited in 
claim 17, Wherein the predetermined limiting value of the 
signal-to-noise ratio for a distance measurement is obtained 
based on partial results of a series of distance measurements. 

20. The method for distance measurement as recited in 
claim 15, Wherein the value for the measurement uncer 
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tainty, on Which a distance measurement is to be based, is 
stored in the measurement device in the form of one or more 
characteristic curves and can be called up and/or selected 
automatically by the device and/or by the user of the device. 

21. The method for distance measurement as recited in 
claim 19, Wherein the value for the measurement uncertainty 
on Which a distance measurement is to be based is optimiZed 
by selecting a characteristic curve stored in the device. 

22. The method for distance measurement as recited in 
claim 20, Wherein the value for the measurement uncertainty 
on Which a distance measurement is to be based is optimiZed 
by specifying a maXimum measurement time for the dis 
tance measurement by selecting a characteristic curve (a, b, 
c, d, e, f) for the measurement uncertainty. 

23. The method for distance measurement as recited in 
claim 15, Wherein the value for the measurement uncertainty 
is increased incrementally during the distance measurement 
until the distance measurement is possible in a predeter 
mined period of time. 


